Polychlorinated biphenyls (PCBs) are chemicals which have been released into the environment, resulting in widespread and persistent contamination. They exist as 209 different congeners that vary with the chlorine substitution pattern of the biphenyl rings. Twenty of these congeners favor a coplanar configuration (Safe, 1984) . Coplanar PCBs are structurally related to polychlorinated dibenzofurans and polychlorinated dibenzo-/?-dioxins, the most toxic of which is 2, 3, 7, . Many of the biochemical changes and toxic responses elicited by TCDD, coplanar PCBs, and structurally related compounds arise from interactions with the Ah receptor and subsequent alterations in gene expression (Whitlock, 1990) . Structure-activity studies have shown that the Ah receptor contains a hydrophobic ligand-binding site that preferentially binds coplanar, nonpolar molecules (Landers and Bunce, 1991) .
Among the biological effects produced by PCBs is activation of polymorphonuclear leukocytes (neutrophils). Neutrophils are usually the first leukocyte to arrive at sites of infection or tissue injury and are a major cellular component of acute inflammatory responses (Sandborg and Smolen, 1988) . As part of their function in inflammation and immunity, neutrophils become activated and generate superoxide anion (OJ). PCBs activate neutrophils in vitro to produce OJ and alter the generation of OJ in response to other stimuli (Ganey et ai, 1993) . Studies examining the mechanisms by which PCBs stimulate neutrophils have revealed roles for phosphoinositide hydrolysis, activation of phospholipase A 2 and tyrosine kinases, and calcium mobilization (Brown and Ganey, 1995; Tithof et ai, 1995 Tithof et ai, , 1996 Tithof et ai, , 1997 Tithof et ai, , and 1998 . Some PCB congeners are effective activators of neutrophils and others are not.
The ability of individual PCB congeners to stimulate OJ production by neutrophils is likely to be related to structural configuration, which is determined by the chlorine substitution pattern on the biphenyl rings. Previous studies have demonstrated that congeners with ortho substitution such as 2,2',4,4'-tetrachlorobiphenyl (2,2',4,4'-TCB) and 2,3,4,5-TCB activate neutrophils, whereas congeners without ortho substitution (e.g., 3,3',4 ,4'-TCB) do not (Ganey et al, 1993; Brown and Ganey, 1995; Tithof et al, 1996) . Since both 2,2\4,4'-TCB and 2,3,4,5-TCB have low affinity for the/i/i receptor, whereas 3,3',4,4'-TCB has high affinity for the receptor (Safe et al, 1985) , these results suggest that neutrophil activation occurs through a mechanism independent of the Ah receptor. In the present study, a more detailed examination of the relationship between PCB structure and ability to activate neutrophils was undertaken. PCB congeners with various chlorination patterns were tested for their ability to stimulate production of OJ and to enhance OJ generation in response to activation of protein kinase C. Molecular modeling was conducted to identify molecular descriptors which associate with stimulation of neutrophil O^~ production.
MATERIALS AND METHODS

Chemicals
Individual polychlorinated biphenyl congeners (>99% pure) were purchased from ChemService (West Chester, PA). Glycogen (Type II from oyster), phorbol myristate acetate (PMA), superoxide dismutase (SOD), dimethylformamide (DMF), and ferricytochrome C were purchased from Sigma Chemical Company (St. Louis, MO).
Isolation of Rat Neutrophils
Neutrophils were isolated from the peritoneum of male, Sprague-Dawley, retired breeder rats (CD-Crl:CD (SD)BR VAF/Plus; Charles River Laboratories, Portage, MI) by glycogen elicitation as described previously (Hewett and Roth, 1988) . Isolated neutrophils were resuspended in Hanks' balanced salt solution (HBSS), pH 7.4. The final concentration of cells in all of the assays was 2 X 10 6 cells/ml.
Superoxide Anion Production
Neutrophils (2 X 10 6 cells) were suspended in borosilicate glass test tubes, 12 X 75 mm (VWR, Chicago, IL), in a final volume of 1 ml HBSS and exposed to either vehicle (1 fi\ DMF) or 10 or 50 /i.M PCB for 30 min at 37°C. Stock solutions of the PCBs were prepared in DMF, and 1 (xl of the stock solution of PCB was added to the cells to achieve the desired concentration. These PCB concentrations were chosen based on results of previous studies examining the ability of PCBs to activate neutrophils in the absence of significant cytotoxicity (Ganey el al., 1993; Brown and Ganey, 1995) . PMA (0 or 20 ng/ml) was then added for an additional 10 min (37°C). OJ generated during this 40-min period was measured by the SOD-sensitive reduction of ferricytochrome C (Babior et al., 1973) . In a separate series of experiments, neutrophils were exposed to PCB congeners alone or in combination for 40 min at 37°C, and OJ production was determined.
Cytotoxicity Assay
Release by neutrophils of the cytosolic enzyme, lactate dehydrogenase (LDH), into the medium was used as a marker of cytotoxicity. Neutrophils were exposed to either vehicle (DMF) or to PCB congeners alone or in combination for 40 min at 37°C. The cells were centrifuged immediately at 4°C, and the cell-free supernatant fluids were collected. LDH activity in the supernatant fluids was measured according to the method of Bergmeyer and Bernt (Bergmeyer and Bernt, 1974) . Release of LDH into the medium was expressed as the percentage of total LDH activity that was present in an equivalent number of cells lysed with 1% Triton X-100.
Statistical Analysis
All results are presented as means ± the standard error of the mean (SEM). For all results presented, N represents the number of individual experiments using neutrophils isolated from individual animals. Unless otherwise stated, data were analyzed by a two-way analysis of variance (ANOVA), and individual comparisons were performed using the least significant difference test. The criterion for statistical significance was p < 0.05.
Analysis of Structure-Activity Relationships
Descriptor generation. Chemical structures of the seven PCB congeners were entered into a computer program which then searched for the conformation of least energy for each congener in aqueous solution. Based on these structures, electronic, geometrical, and topological molecular descriptors were calculated for each congener. To accomplish this, PCB congener structures were entered into the Spartan Program (Wavefunction, Inc., Spartan Version 4, 1995, Irvine, CA) running on a Silicon Graphics Workstation. Conformer search was conducted at the semiempirical level Austin Model 1 (AMI) (Dewar et al, 1985) using water as a solvent, and this preliminary conformation was used to perform Ab Initio 3-21G (<) full optimization (Pietro et al, 1982) and single-point properties calculations. The following electronic descriptors were obtained from single-point calculations: the most positive charge (MPC) and the most negative charge (MNC) in the molecule accounting for nonspecific interactions between molecules; the sum of the atomic charges for all of the carbon atoms (ECAC) and the sum of the atomic charges for all of the chlorine atoms (2C1AC) as a measure of localized electronic density which may mediate electrostatic, intermolecular interactions; and the energy of the highest occupied molecular orbital (HOMOE) and the energy of the lowest unoccupied molecular orbital (LUMOE), which have been recognized as important descriptors in electron transfer from a donor to an acceptor molecule through the formation of charge transfer complexes (Franke, 1984) . In general, charge-based descriptors are considered as chemical reactivity indices which may mediate weak, intermolecular interactions (Karelson and Lobanov, 1996) . In addition, the difference between HOMOE and LUMOE, the HOMO-LUMO gap, was included as a descriptor. The torsional angle 2,1,1 \2'(0) obtained from the Ab Initio calculation was used as a geometrical descriptor.
Topological descriptors included molecular connectivity values which describe molecular size and shape. These were calculated with a PC 586/66 MHz using PCDM, a program written by Olivero et al. (1995) . Calculated connectivity values included Randic (Randic, 1975) and Kier and Hall indices (Kier and Hall, 1986) .
RESULTS
In the absence of any stimulus, OJ production by rat neutrophils was negligible , which is consistent with previous reports (Ganey et al, 1993) . Exposure to 50 /xM but not 10 juM 2,2'-dichlorobiphenyl (2,2'-DCB) caused significant production of OJ in the absence of PMA (Fig. 1A ). Neutrophils exposed to vehicle (DMF) prior to stimulation with PMA, an activator of protein kinase C (Tauber, 1987) , produced a significant amount of OJ, as demonstrated previously (Ganey et al, 1993 ). Exposure to 10 /i-M 2,2'-DCB prior to addition of PMA resulted in a significant increase in the amount of OJ produced, greater than that seen with either compound alone. OJ production by neutrophils exposed to 50 juM 2,2'-DCB before addition of PMA was not different from that seen with either stimulus alone.
Neutrophils exposed to 50 /xM but not 10 fjM 2,4'-DCB produced a significant amount of OJ (Fig. 1B ). Exposure to 10 fxM 2,4'-DCB prior to addition of PMA resulted in a significant increase in the amount of O^~ generated compared to that produced by PMA alone. Exposure to 50 /xM 2,4'-DCB prior to PMA produced an equivalent amount of OJ as with 50 JU,M 2,4'-DCB alone.
Exposure of neutrophils to 50 jtM but not 10 /tM 3,3'-DCB elicited significant production of OJ (Fig. 1C) . Generation of O 2 in response to 10 /LtM but not to 50 /xM 3,3'-DCB was elevated significantly by addition of PMA.
OJ generation was not stimulated by exposure of neutrophils to either 10 or 50 /xM 4,4'-DCB ( Fig. 2A) . Addition of PMA resulted in significant generation of OJ which was unaffected by prior exposure to 4,4'-DCB. Similar results were seen with 3,3',4,4',5-pentachlorobiphenyl (3,3',4 ,4',5-PeCB; Fig. 2B ) and 3,3',4,5,5'-PeCB (Fig. 2C ): neutrophils exposed to either of these congeners alone were not stimulated to produce OJ, and neither PCB congener increased the response to PMA.
Exposure of neutrophils to either 10 or 50 fiM 2,2',3,3',4,4'-hexachlorobiphenyl (2,2',3,3',4,4'-HCB) did not result in generation of O^ (Fig. 3) . Prior exposure to 2,2',3,3',4,4'-HCB significantly increased the amount of O^~ produced upon addition of PMA. production during exposure to PCB congeners which did not activate neutrophils or alter the response to PMA. Neutrophils were exposed to 0, 10, or 50 ^M of (A) 4,4'-DCB, (B) 3,3',4,4',5-PeCB, or (C) 3,3',4,5,5'-PeCB in the presence (filled circles) and absence (open circles) of PMA as described under Materials and Methods. OJ produced during the incubation period was determined. N = 3-6. a, Significantly different from respective value in the absence of PMA. The effect of a coplanar congener which alone did not activate neutrophils on the response to two congeners which did stimulate neutrophils was examined. Neutrophils were exposed to either 3,3'-DCB or 2,4'-DCB for 40 min in the presence or absence of 3,3',4,4',5-PeCB (Table 1) . 3,3',4,4',5-PeCB inhibited the production of OJ in response to 3,3'-DCB and 2,4'-DCB by 91 and 57%, respectively. Coincubation with 3,3',4,4',5-PeCB did not affect release of LDH from neutrophils exposed to either of the DCB congeners ( Table 2) .
The relationship among the absolute values for the H0M0-LUMO gap, torsional angle, SC1AC, and the difference between OJ produced in response to 0 and 50 /iM PCB in the presence of PMA (i.e., "biological response") is shown graphically in Fig. 4 . As illustrated, the molecular descriptor SC1AC Note. Rat neutrophils were exposed to vehicle (DMF), 50 /xM 3,3'-DCB, or 50 juM 2,4'DCB in the presence or absence of 3,3',4,4',5-PeCB for 40 min at 37°C. LDH released into the medium was measured and reported as the percentage of total cellular LDH activity as described under Materials and Methods. N = 3. No significant differences were observed.
was inversely related to this biological response. Congeners for which SC1AC is large (4,4'-DCB, 3, 3', 4, 5, and 3, 3', 4, 4', produced little biological response, whereas those congeners for which this molecular descriptor is small (3,3'-DCB, 2,4'-DCB, and 2,2',3,3',4,4'-HCB) caused an increase in Oj production at 50 /uM in the presence of PMA. The exception is 2,2'-DCB for which both the biological response (at 50 JLIM) and the molecular descriptor were small. Torsional angle did not appear to influence this response because the value for this parameter was small for a congener which produced a significant response (i.e., 3,3'-DCB) and for congeners (4,4'-DCB, 3, 3', 4, 5, and 3, 3', 4, 4', which did not elicit a response. Likewise, torsional angle was large for congeners which did (2,4' DCB and 2,2',3,3',4,4'-HCB) and did not (2,2'-DCB) induce OJ production under these conditions. All of the molecules with small biological activities also had small HOMO-LUMO gaps, whereas three of the four congeners with large HOMO-LUMO gaps elicited OJ production. Once again, the exception was 2,2'-DCB.
Relationships between biological activity (dependent variable) and molecular descriptors (independent variables) were established by the stepwise multiple regression technique (Jandel Corp.). The biological response used for modeling was the difference in the amount of OJ produced at 0 and 50 /uM PCB, and models were generated for data obtained in the absence and in the presence of PMA. The best regression models were selected on the basis of the greatest multiple correlation coefficient (R) obtained between the experimental and predicted data, the lowest standard error of estimation (SE) and the highest F value from the variance analysis. The most important descriptor for models in the absence or presence of PMA was the reciprocal of SC1AC. The model for OJ production in the absence of PMA was improved by the addition of torsional angle as a descriptor (R = 0.930 using both descriptors compared to 0.538 with 1/SC1AC alone). The addition of the HOMO-LUMO gap as a descriptor improved the prediction model for data obtained in the presence of PMA (R = 0.964 using both descriptors compared to 0.574 with 1/SClAC alone). 
DISCUSSION
Much of the research into the biological effects of PCBs has focused on TCDD-like activity of these chemicals such as cytochrome P-450 induction, hepatotoxicity, thymic atrophy, etc. (Safe, 1994) . A primary structural requirement for TCDDlike effects of PCB congeners is the tendency toward coplanarity of the two phenyl rings, such that the PCB molecule attains a structure with dimensions approximating 3 X 10 A. Conditions favoring this structure include substitution with chlorine at four meta and/or para sites and lack of substitution at ortho positions. This structure provides steric fit and net polarizability which increase binding affinity for the Ah receptor (McKinney and Singh, 1981) . More recently, quantum chemical calculations revealed that electronic-derived physicochemical properties such as electron affinities, entropies, and electronic energy gaps are also important parameters governing the interaction of PCBs with the Ah receptor (Kafafi et al, 1993a, b) .
There is growing evidence that congeners which do not favor a coplanar configuration also have biological activity (Ganey ef a/., 1993; Shain et al, 1991; Kodavanti et al, 1995) , although the structural requirements for these effects are incompletely understood. We have demonstrated previously that activation of neutrophils by PCBs does not appear to be mediated through the Ah receptor, despite the presence of these receptors in rat neutrophils (Ganey et al, 1993) . The current study was undertaken to explore more extensively which PCB congeners elicit neutrophil activation and to identify structural requirements for these effects.
What emerged from examination of the effects of these congeners on neutrophil function in this and previous studies were three patterns of response. In the first, PCBs (i.e., 2,2'-DCB, 2,4'-DCB, 3,3'-DCB, 2,2',4,4'-TCB, and 2,3,4,5-TCB (Brown and Ganey, 1995) ) stimulated neutrophils to produce O^~ in the absence of PMA and increased the response to PMA (Table 3 , Fig. 1 ). The second pattern was characterized by 2,2',3,3',4,4'-HCB, which alone did not activate neutrophils but potentiated PMA-induced OJ production (Fig. 3) . In the third pattern, PCBs (i.e., 4,4'-DCB, 3,3',4,5,5'-PeCB, 3,3',4,4',5-PeCB, and 3,3',4,4'-TCB (Ganey et al, 1993) ) neither elicited OJ production nor changed the response to PMA (Fig. 2) .
Results of previous studies suggested that substitution at the 3, 4, 2', 3, 3', 4, 3', 4, 5, 3', 4, 3', 4, 4', 5 Note. NR, not reported. " ^caic (M) is the calculated in vitro dissociation constant of PCB-Ah receptor complexes in rat liver cytosols (from Kafafi et al, 1993b) . * ^ow ' s trle octanol/water partition coefficient (from Shiu and Mackay, 1986 ). c From Ganey et al, 1993. ''From Brown and ortho position may be a requirement for neutrophil activation by PCBs because 2,2',4,4'-TCB and 2,3,4,5-TCB, but not 3,3',4,4'-TCB, influenced neutrophil function (Ganey et al., 1993; Brown and Ganey, 1995) . All of the ortho-substituted congeners examined in this study stimulated neutrophils to produce OJ and/or altered the response to PMA (Table 3 ). The hypothesis that ortho substitution is required for activation of neutrophils by PCBs was refuted, however, by results of studies in which 3,3'-DCB caused generation of OJ by itself and increased the response to PMA (Fig. 1C) .
Examination of octanol/water partition coefficients (Table 3 ) for individual congeners revealed that the propensity to activate neutrophils did not correlate with hydrophobicity. For example, the values for log K ow are the same for 3,3'-DCB and 4,4'-DCB: The former both stimulated O^~ production and increased the response to PMA, whereas the latter did not. Based on the log A" ow values, at the concentrations used most of the PCBs would be expected to partition into the lipid membranes of the neutrophils. Thus, it is not surprising that differences in biological activity among congeners are not related to different partitioning within the cells. The relation of the octanol/water partition coefficient to activity has been examined in other systems. Similar to results observed here, this parameter did not correlate with the decrease in dopamine content of PC12 cells (Shain et al, 1991) and in rat hepatoma cells hydrophobicity was found to modulate interactions of PCBs with the Ah receptor (Safe et al., 1985) . Alteration of neutrophil function by PCBs also did not correlate with the degree of chlorination because congeners with as few as two and as many as six chlorines potentiated the response to PMA.
Activation of neutrophils by PCBs appears to be related to a low affinity for the Ah receptor, based on the in vitro dissociation constant (Table 3 ). This suggests that congeners which favor a noncoplanar structure are more likely than coplanar congeners to activate neutrophils in vitro. Para substitution of 3,3'-DCB to yield 3,3',4,4'-TCB abolished activity to stimulate neutrophils; however, para substitution of 2,2'-DCB (to yield 2,2',4,4'-TCB) did not diminish the potential to activate neutrophils. 3,3',4,4'-TCB attains a coplanar structure more readily than the diortho-substituted 2,2',4,4'-TCB because ortho substitution substantially raises the energy barrier to rotation about the bond between the phenyl rings (McKinney and Waller, 1994) . Thus, this observation supports the hypothesis that noncoplanar structure is important in the ability of PCBs to activate neutrophils. Similarly, ortho substitution of 3,3',4,4'-TCB conferred the property to increase generation of O^" in response to PMA (Fig. 3) .
Despite the apparent importance of noncoplanarity in the ability of PCBs to influence O^" production, results of molecular modeling argue against a structure-activity relationship based solely on coplanarity of the molecules. Examination of Table 3 reveals that the value for torsional angle (0) for 3,3'-DCB, a congener which activated neutrophils, is similar to the value for a number of congeners which did not. Similar results are depicted in Fig. 4 for the specific responses observed at a PCB concentration of 50 jxM in the presence of PMA. Although torsional angle alone did not correlate with OJ production, inclusion of this parameter with the reciprocal of SC1AC in a regression model for the response in the absence of PMA significantly improved the regression coefficient. Thus, angle of rotation about the bond between phenyl rings may be an important parameter for PCB-induced OJ production under some, but not all, conditions, and other factors influence this response as well.
In fact, results of regression analysis suggest that the reciprocal of 2C1AC is the most important descriptor for the re-sponse to PCBs in the presence or absence of PMA. The sum of atomic charges is an important descriptor in other models of toxicity (Katritzky and Gordeeva, 1993) as well as in some pharmacological activities (Cocchi et al, 1995) . The regression model for biological activity in the presence of PMA was strengthened by addition of the value for the HOMO-LUMO gap, which correlates strongly (/? = 0.953, p = 0.001) with torsional angle. The HOMO-LUMO gap is a measure of the capacity of a molecule to transfer one electron from the HOMO to the LUMO, and its magnitude is related directly to molecular stability (Mekenyan et al, 1994) . A model described by SC1AC and the HOMO-LUMO gap suggests that PCB-induced O^~ production may be mediated through electrostatic interactions which involve an electron transfer complex between the PCB congener and a cellular molecule(s) and that this interaction is favored for PCB congeners with greater molecular stability.
Studies in vitro investigating the neurotoxicity of individual PCB congeners have demonstrated similar structure-activity relationships as seen in the current study. Congeners with chlorine atoms in the ortho position decreased cellular dopamine content in PC 12 cells (Shain et al, 1991) and increased binding of phorbol esters in rat cerebellar granular cells (Kodavanti et al, 1995) , whereas congeners without ortho substitution that are coplanar were inactive. Similar to our studies in which 3,3'-DCB stimulated O^~ production by neutrophils, 3,3'-DCB decreased PC 12 dopamine content and increased phorbol ester binding in cerebellar granular cells (Shain et al., 1991; Kodavanti et al., 1995) . Studies with isolated rat cerebellar microsomes and mitochondria demonstrated that congeners with chlorine substitution at the ortho positions were the most potent in inhibiting Ca +2 sequestration (Kodavanti et al., 1996) . Similarly, in sarcoplasmic reticulum from skeletal and cardiac tissue ortho-substituted, and not coplanar, PCB congeners increased Ca +2 release and binding of ryanodine to ryanodine-sensitive Ca +2 release channels (Wong and Pessah, 1996) .
The mechanisms by which noncoplanar PCBs induce biological effects are a subject of current investigation. In studies presented here, both the ability to stimulate OJ production and the capacity to alter the response to activation of protein kinase C by PMA were examined. Generation of OJ by neutrophils is effected by an NADPH oxidase which is assembled and activated in the plasma membrane, and this process involves a number of intracellular signal transduction pathways (Sadler and Badwey, 1988) . PMA initiates OJ production through activation of protein kinase C (PKC) (Tauber, 1987) . The observation that 3,3',4,4',5-PeCB decreased the response to 2,4'-DCB and 3,3'-DCB but not to PMA suggests that the mechanism by which these two DCBs activate neutrophils differs from the mechanism of activation by PMA. In support of this hypothesis, previous studies have demonstrated that PCBs activate OJ production by a mechanism which is dependent on calcium, whereas PMA stimulates O 2 generation by a calcium-independent mechanism (Brown and Ganey, 1995) .
The fact that some congeners (e.g., 2,2',3,3',4,4'-HCB) did not alone stimulate O^~ production but did increase the response to PMA raises the possibility that these two events occur by different mechanisms. 2,2',3,3',4,4'-HCB may invoke a signal transduction pathway which does not activate NADPH oxidase but enhances O^~ generation once the enzyme is assembled and activated. Alternatively, the same mechanism may be responsible for both responses. For example, in the case of 2,4'-DCB, a signal transduction pathway may be activated which is sufficient at large PCB concentrations (50 yM) to activate NADPH oxidase in the absence of PMA but at smaller concentrations (10 fxM) requires additional pathways to be activated by PMA to cause generation of OJ. It has been demonstrated that noncoplanar PCBs increase phorbol ester binding in cerebellar granular cells (Kodavanti et al., 1995) , so that one mechanism by which these congeners potentiate the response to PMA in neutrophils may be by increasing the accessibility or affinity of PKC for PMA.
In the current study, 3,3',4,4',5-PeCB was inactive in stimulating Oj production by neutrophils but inhibited the response to stimulation of neutrophils with either 3,3'-DCB or 2,4'-DCB. This inhibitory effect was unrelated to cytotoxicity, and the mechanism(s) involved is unknown. Previous studies have shown that [ 3 H]TCDD bound specifically to cytosol from rat neutrophils, suggesting the presence of Ah receptors (Ganey et al., 1993) . It is possible that congeners with dioxin-like characteristics and high binding affinities for the Ah receptor may elicit Ah receptor-dependent responses which downregulate activation of neutrophils. For example, activation of neutrophils is dependent on the sequential phosphorylation and dephosphorylation of several proteins in the signalling cascade. Recent evidence suggests that binding of TCDD to the Ah receptor elicits protein tyrosine phosphorylation through activation of a protein tyrosine kinase, pp60 src (Enan and Matsumura, 1996; Blankenship and Matsumura, 1997; Ma et al, 1992) . It is conceivable that activation of a protein tyrosine kinase may interfere with the signaling required for PCBinduced OJ production. If this is the case, the inhibitory effect may not extend to agents which stimulate neutrophils via direct activation of PKC, such as PMA (Fig. 2B ). These results, in which a PCB congener inhibited the biological effect of another, are similar in nature to those observed for estrogenic activity of PCBs (Connor et al, 1997; Jansen et al, 1993) . For example, whereas Aroclor 1242 and 2,2',5,5'-TCB demonstrated estrogenic effects in rats, 3,3',4,4'-TCB did not and inhibited this effect of Aroclor 1242 (Jansen et al, 1993) .
In summary, the results of this study suggest that chlorines in the ortho or meta position are required for stimulation of neutrophil OJ production in vitro. This pattern of substitution may provide characteristics of atomic charge distribution on chlorine atoms, torsional angle, and HOMO-LUMO gap that result in a configuration capable of activation of neutrophils. By contrast, coplanar congeners may act in an inhibitory fashion to downregulate O^~ production in the presence of a second neutrophil stimulus.
